Abstract
Introduction
The increased need for people and organizations to continue collaborating whilst changing physical location and crossing organizational boundaries has resulted in a wave of new supporting technologies. This enables increased pervasiveness of collaboration and work activities, and allows new scenarios of complex collaboration processes. Associated research challenges are thus gaining attention, for example the need to provide robust mechanisms for collaboration over wide area networks, decentralised consistency checking, coordination and workflow-based collaboration, and retaining user-friendliness of desktop collaboration tools given the limitations of mobile technologies.
Efficient information sharing across a widely distributed enterprise environment; constant and timely update and placement of the distributed knowledge base with many different sites acting both as potential users and potential providers of information; shared access to a set of services, these are the fundamental requirements for DMC systems and tools, which are likely to "borrow" concepts and technologies from a variety of fields, such as workflow systems, groupware and CSCW, event-based systems, software architecture, distributed database systems, mobile computing, and so on. Exploring the peer-to-peer paradigm enriched with sharing abstractions in which each network node is both a potential user and provider of information for the rest of the community, is still a challenging and promising approach for supporting distributed collaboration.
The DMC workshop spanned two days and intended to bring together researchers and practitioners to discuss the key issues, approaches, open problems, innovative applications, and trends in the above research areas. Operationally, the DMC workshop was grouped into one keynote talk on Collaboration@work and four topics:Web-based collaboration, Formal description and consistency checking of collaborative processes, Models and architectures for collaborative services and P2P collaborative services.
Collaboration@work
Collaboration@work is collaboration among individuals engaged in a common task to achieve a shared objective using collaboration technologies. This concept has evolved from the Collaboration @ work report 2004. At that time the focus was on collaboration services providing functionalities at middleware level which could be reusable at the application level. Consequently, research has to aim at achieving this common repository of collaboration services to be invoked by collaboration tools and integrated into large validating applicators. Work will be developed has to contribute to the use of collaborative technologies with a mediating role among distributed workers and as a glue of diverse technologies (such as mixed-reality, visualization, interfaces technologies) to support collaboration among people and other artifacts (robots, actuators, sensors).
In the near new areas for eCollaboration technologies will be explore towards more sophisticated application domains with a view to boost innovation in the business ecosystem. Among these future research lines, it is worthy to mention: collaboration technologies for knowledge activation and collaboration technologies for applied collective creativity.
In addition to this advanced collaboration technologies, New Working Environments research will comprise another areas based on upcoming ubiquitous society paradigms. It will make use of networked devices embedded in any terminal and goods which allows continuous, seamless stream of communications, content, and services-exchanged among workers, artefacts and their partners and customers. Two of these future research areas are: responsive ubiquitous office and robotics office.
Web-based collaboration
The first topic of the workshop included three full paper presentations on Web-based collaboration issues:
• Enhancing GSS-based Requirements Negotiation with Distributed and Mobile Tools,
• Collaborative Web Browsing Tool supporting Audio/Video Interactive Presentations,
• Sensory Oriented Model for Monitoring Ubiquitous Health Care Environments.
The first paper "Enhancing GSS-based Requirements Negotiation with Distributed and Mobile Tools" claimed that conventional team processes in software engineering are typically designed to support face-toface interactions among stakeholders. This paradigm has changed and distributed software development (DSE) appears to become the dominant approach in enterprise organizations. However, although distributed software engineering seems to be inevitable in today's software engineering practice there are still many open questions. This paper reports research in distributed and mobile requirement negotiation. Describing the EasyWinWin (EWW) negotiation approach the authors identify issues of face-to-face negotiations and discuss how they aim to overcome and solve these issues with innovative distributed and mobile tools. They also report the results of an empirical exploration examining the usability of our tools.
The second paper "Collaborative Web Browsing Tool supporting Audio/Video Interactive Presentations" claimed that collaborative Web browsing aims at extending currently available Web browsing capabilities in order to allow several users getting their browsing activity synchronized. From the authors point of view a collaborative Web browsing system should provide all the necessary facilities to allow users to get synchronized and desynchronized in a flexible way, including both browsing actions and browser embedded presentations interactions. In this paper the authors present the modeling and implementation of our collaborative Web browsing system called CoLab 2.1 . It allows a group of users to get their browsing activities synchronized, including both, web browsing itself, as well as audio/video presentations.
The third paper "Sensory Oriented Model for Monitoring Ubiquitous Health Care Environments" introduced an author's early work in a model dedicated for health care environments, it can be used to attach an arbitrary number of health care sensors onto a wireless/wired network of modules. The modules are distributed over a network and can interact with each other. Each module represents a specialist and communicates with an arbitrary number of other specialists. The model facilitates the monitoring, querying and adjustment of such sensors, through a simple interface.
Formal description and consistency checking of collaborative processes
The second topic of the workshop included three full paper presentations on formal description and consistency checking of collaborative processes.
• Towards a formal framework for Choreography,
• Abstraction-based Workflow Cooperation Using Petri Net Theory,
• Issues on Decentralized Consistency Checking of Multi-lateral Collaborations.
The first paper "Towards a formal framework for Choreography" dealt with he definition of languages and models for the description of choreographies considered by the authors as one of the main challenges in the area of Service Oriented Computing, in general, and of Web Services technology, in particular. A choreography defines the collaboration between interacting services: more precisely, it specifies a contract containing a "global" definition of the common ordering conditions and constrains under which message are exchanged in a services conversation. In this paper, starting from the analysis of the main aspects of Web Services technology, the authors propose a simple Choreography language, equipped with a formal semantics, which is intended as the starting point for the development of a framework for the design and analysis of choreographies in Service Oriented Computing.
The second paper "Abstraction-based Workflow Cooperation Using Petri Net Theory" was in line with a novel approach to inter-organizational workflow cooperation that consists of three steps: workflow advertisement, workflow interconnection, and workflow cooperation. This approach is inspired by the Serviceoriented Architecture and allows for partial visibility of workflows. Varying degrees of visibility of workflows enable organizations to retain required levels of privacy and security of internal workflows. Degrees of visibility are described in term of workflow abstraction based on Petri net theory. Abstractions are advertised in a common registry. Workflow interconnections are based on advertised abstraction matching.
The third paper "Issues on Decentralized Consistency Checking of Multi-lateral Collaborations" claimed that decentralized consistency checking of multi-lateral collaborations is based on propagating local information to trading partners until a fixed point has been reached. However, which information has to be propagated and how to represent this information is a challenge, because the local consistency decisions should derive consistency only if the collaboration is consistent. In this paper two scenarios are discussed arguing that history information about reaching a state must be propagated and that messages must be named uniquely in this history information to achieve the aimed equivalence of local consistency and collaboration consistency.
Models and architectures for collaborative services
The third topic of the workshop included three two paper presentations on models and architectures for collaborative services.
• Service Oriented Architecture Framework for collaborative services,
• Challenges and Solutions for Model Driven Web Service Composition.
The first paper "Service Oriented Architecture Framework for collaborative services" claimed that the demand for flexible, efficient and user-friendly collaborative services is becoming more and more urgent as the competition in the current market-oriented arena is getting more intense and fiercer. Enterprises have to be more dynamic in terms of collaboration with partners and even competitors. The Service Oriented Architecture is a promising distributed computing paradigm offering solutions that are extendible, flexible and compatible with legacy systems. This paper proposes and investigates the use of SOA in the construction of collaborative services. The paper starts with a short introduction of the Service Oriented Architecture and then gives a description of collaborative services. A generic model of a collaborative service is analyzed to identify the basic collaborative functions. A Service Oriented Architecture Framework for collaborative service is presented.
The second paper "Challenges and Solutions for Model Driven Web Service Composition" discussed two distinctive proposals for model driven service composition. Indeed, system theory propagates the use of models which raise the level of abstraction to cope with complexity, evolving out of variety and connectivity. Different modeling techniques have been invented for the abstract description of certain aspects of dynamic system behavior. Nowadays process models are also an accepted part of service oriented process design. Although service oriented architecture (SOA) is the aim, rather isolated processes are the starting point for executable code generation and not the changing functionality distribution the system offers. Thus the authors claim the system view, necessary for process lifecycle management, is missing. Moreover, in the context of Web Service Composition, a vertical, bidirectional model driven approach allows for manifold allocation of e.g. testing, validation or binding tasks within the layer stack of MDAs (model driven architecture). In this paper the authors discuss two distinctive proposals for model driven service composition, followed by a comparison of representative mapping scenarios of IBM and Microsoft.
P2P collaborative services
The fourth topic of the workshop included three full paper presentations on P2P collaborative services.
• On P2P collaboration infrastructures,
• GRACE: Enabling collaborations in wide-area distributed systems.
The first paper "On P2P collaboration infrastructures" claimed that BSCW and Groove have become the two de-facto standards for collaboration over the Internet. They offer a wealth of functionalities, support a variety of possible collaboration styles, and are applied frequently in research and business projects. While being useful and powerful for standard scenarios, they suffer from some problematic aspects if support for distributed ad-hoc and mobile collaboration is needed. Both are centralized systems which require the setup and maintenance of a server. Setting up such an infrastructure for short-term and ad-hoc collaboration of mobile users is not feasible as it requires an the infrastructure to be in place and configured a-priori and it is costly in terms of hardware, software, and time. Thus they are not very adequate for flexible, short term collaborations, a genuine building block of many lightweight distributed mobile collaboration scenarios. In this paper the authors discuss how P2P approaches could be applied to remedy these shortcomings and to what extent existing technology can already be applied "out of the box".
The second paper "GRACE: Enabling collaborations in wide-area distributed systems" dealt with a middleware platform that enables distributed and mobile collaborations. The globalization of businesses and the cooperation between organizations has brought an ever increased need for providing support for distributed collaborations. In this paper, the authors argue that a peer-to-peer framework is suitable for collaborative environments, but current implementations do not provide support for multiple consistency semantics, which are required in modern complex collaborations. The authors present GRACE, a middleware platform that enables distributed and mobile collaborations, by combining the capabilities of Distributed Hash Tables (DHTs) with a layered architecture that supports a wide range of semantics. The DHT substrate provides support for mobility, high scalability, availability and load balancing of data, as well as self repairing capabilities and ease of management, while the layered architecture takes into account the different semantic needs of the applications. The authors evaluate the efficiency of the algorithm for routing requests to the correct replica in an implementation of GRACE built on Pastry.
Future Research Issues
At the end of the workshop we conducted a brainstorming session inviting workshop participants to nominate research issues and ideas which they consider should be at the forefront of attention if software support is to keep up with growing demands for distributed and mobile collaboration. Their opinions were easily grouped into four "layers" of concern: User Interfaces and Applications; Workflow composition and process support; Integration of services and tools; and Infrastructures. We will briefly describe the issues considered a priority under each of these four layers.
User Interfaces and Applications: Support for distributed collaboration in Software Engineering was perceived as an important way in which software engineers can rise to challenges of software productivity and constant change. Exploring new mobile devices to support collaboration was seen to bring with it challenges in designing the appropriate forms of human-computer interface. The final challenge of this layer was the use and enhancement of existing Web technologies to support distributed collaborative work.
Workflow composition: The first challenge under this layer was the need for semantic-level description and composition of workflows and business processes. This is to be considered in parallel with the integration of choreography and workflow composition techniques. Also, recent research points out that the structure of a distributed team can be a determining factor of the most appropriate workflow design, so techniques to integrate and cooptimise team design and workflow design would be an interesting research challenge.
Integration of services and tools: At the layer of services, lightweight integration of collaboration tools in currently existing environments was considered a viable approach worthy of further exploration. The focus on semantic-level descriptions and their use for integration of contracts and services was also considered a priority by the workshop participants.
Infrastructures: At the infrastructures layer, the creation of semantic-rich P2P infrastructures to sup-port collaborative work applications was the main topic proposed as a priority of the DMC research agenda.
We look forward to the fourth DMC workshop next year, where we hope to take stock of the progress made on this agenda.
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